To effectively use soybean meal (SBM) and meat and bone meal (MBM), poultry nutritionists must have good nutritional information about these ingredients. There is a dearth of information on standardized ileal amino acid digestibility (SIAAD) for many feed ingredients, particularly for a specific target or strain of bird.
INTRODUCTION
To effectively use soybean meal (SBM) and meat and bone meal (MBM), poultry nutritionists must have good nutritional information about these ingredients. There is a dearth of information on standardized ileal amino acid digestibility (SIAAD) for many feed ingredients, particularly for a specific target or strain of bird.
Digestible amino acid (AA) values are considered to be the best measure of the AA value of ingredients (Rostagno et al., 1995) ; unfortunately the amount of digestible AA data that is available, particularly for some ingredients, is not very large and species specific. Although, most commercial nutritionists have adopted diet formulation on a digestible AA basis, a lack of sufficient information on SIAAD for different feed ingredients relative to strains of poultry still persists. Additionally, recent studies in our laboratory (Adedokun et al., 2009a ) showed significant differences in AA digestibility of feed ingredients (corn, MBM, and dried distillers grain with solubles) between broilers and laying hens. This difference raises an important question as to whether or not it makes sense both from the economic and environmental point of view, as AA digestibility values derived from adult roosters are routinely used for different strains and poultry species.
The digestibility, and thus availability, of nutrients and energy in MBM vary depending on the source and processing techniques (Parsons et al., 1997; Shirley and Parsons, 2000; Adedokun and Adeola, 2005a,b; Adedokun et al., 2007b) . Studies in pigs (Adedokun and Adeola, 2005a; Olukosi and Adeola, 2009 ) and ducks (Adedokun and Adeola, 2005b ) using 12 MBM samples showed that, although chemical compositions may play an important role in the ME values of MBM, the interactions among the different components of MBM may have significant influence on energy utilization.
Studies have shown that the AA digestibility of SBM may be affected by cultivation location, season, processing technique, and the level of antinutritional fac-tors, such as trypsin inhibitors, lectins, saponins, and oligosaccharides (Parsons, 1991; Frikha et al., 2012; . Despite the fact that antinutritional factors can be inactivated during processing through heating (Liener, 1994) , AA digestibility could be negatively affected if the heating condition is not optimal (Frikha et al., 2012) .
Although data have been published on AA digestibility of some feed ingredients in poultry (Adedokun et al., 2007a (Adedokun et al., ,b, 2008 , the need for more SIAAD data still exists. This would undoubtedly increase the reliability of the data as well as the confidence level of commercial nutritionists in using this information in diet formulation. Therefore, the objective of this research was to determine and compare SIAAD values of different MBM and SBM samples in broilers and laying hens and to continue to add to the publicly available data.
MATERIALS AND METHODS

Diet Formulation
A total of 10 (7 MBM and 3 SBM) feed ingredients, sourced from Midwest and Mideast regions of the United States in 2010, were evaluated for SIAAD. Basal ileal endogenous amino acid (EAA) losses were determined using a nitrogen-free diet (NFD) method. Each of the 10 feed ingredients constituted an experimental diet, with each ingredient being the sole source of CP in a semipurified diet. Each diet was formulated to contain 20% CP (Table 1) . Broilers and laying hens were fed either a standard corn-soy-based starter diet or a regular laying hen diet that met or exceeded the NRC (1994) recommendations, respectively, before the feeding of the experimental diets. Each of the experimental diets contained 5 g/kg of chromic oxide as an indigestible marker. The same diet batch was fed to broilers and laying hens. Furthermore, the MBM diets (7) were evaluated in 252 thirty-week-old laying hens, whereas the SBM diets (3) were evaluated in 108 fiftyweek-old laying hens. Analyzed sodium, crude fat, Ca, and P contents of the 7 MBM samples and the analyzed dietary AA and CP (N × 6.25) contents (DM basis) are reported in Tables 2 and 3 , respectively.
Birds and Housing
Birds were housed and raised, including bird care and experimental procedures, in line with a protocol approved by Purdue University Animal Care and Use Committee. Experimental details of the broiler studies are similar to those reported by Adedokun et al. (2007b) . Briefly, all birds (broilers and laying hens) sampled in this study were on the respective feed ingredient diets and NFD for 5 consecutive days.
A total of 528 one-day-old broiler chicks (Ross 708) and 288 thirty-week-old and 144 fifty-week-old laying hens (Hy-Line 36) were used in this study. For the broiler trial, each of the 11 experimental diets (10 feed ingredient-diets and 1 NFD) was fed to 6 replicate cages of 8 birds/cage in a completely randomized design. For the laying hens, 6 replicate cages of 6 birds/repli- CP  473  536  524  502  503  559  504  460  0  Ingredient  Corn starch  446  496  488  471  471  512  472  0  179  Dextrose  0  0  0  0  0  0  0  444  640  Feed ingredient  424  374  382  399  399  358  398  442  0  NaHCO 3  0  0  0  0  0  0  0  0  12  KCl  0  0 
Sampling and Ileal Digesta Processing
Birds were euthanized using CO 2 asphyxiation. Digesta was collected from the entire ileum. The ileum was considered to be the portion of the small intestine from Meckel's diverticulum to about 5 mm proximal to the ileo-cecal-colonic junction. Ileal digesta was flushed with distilled water from all birds within a cage (broiler) and adjacent 3 cages of 2 birds/cage (1 replicate of laying hens) were pooled and frozen. Ileal digesta samples were stored at −20°C before samples were subsequently freeze dried. Freeze-dried samples were ground using a coffee grinder.
Chemical Analyses
Dry matter content was determined on ground diets and freeze-dried ileal digesta (0.5 g in duplicate) by drying the samples at 105°C for 24 h. Diets and ileal digesta were analyzed for AA contents by Evonik Industries (Hanau, Germany). Samples for AA analyses were hydrolyzed in 6 N HCl for 24 h at 110°C under N atmosphere. Performic acid oxidation was carried out before acid hydrolysis for Met and Cys analysis. (AOAC International, 2000; 982.30 E [a, b, c] ). The AA in the hydrolysate was subsequently determined by HPLC after postcolumn derivatization. Amino acid concentrations were not corrected for incomplete recovery resulting from hydrolysis. Chromium and nitrogen in diets and ileal digesta and Ca, P, Na, nitrogen, and crude fat (CF) concentrations in MBM were determined. Chromium, Ca, and P concentrations were determined following nitric and perchloric acid wet-ash digestion (935.13, AOAC International, 2000). Chromium 
Calculations and Statistical Analysis
The ileal EAA losses (index method) from each group of bird was calculated as mg of amino acid flow/kg of DM intake (DMI) using the formula as reported by Adedokun et al., (2007a) .
Standardization of apparent ileal AA digestibility was as described by Adedokun et al. (2007b) . Data were analyzed using the GLM procedure of SAS Institute (2006) as a completely randomized design. Ileal EAA losses within an ingredient were compared between broilers and 30-and 50-wk-old laying hens. The performance of birds fed diets containing 20% CP from different MBM or SBM samples were also determined. Standardized ileal AA digestibility data for each feed ingredient sample were determined between broilers and 30-wk-old laying hens (MBM) or between broilers and 50-wk-old laying hens (SBM). Where necessary, mean separation was by Tukey and level of significance was set at P ≤ 0.05.
RESULTS
The analyzed CP (N × 6.25), Na, Ca, P, and CF contents of the 7 MBM samples are shown in Table  2 . The average values (%) for CP, Na, Ca, P, and CF were 51.4, 0.7, 9.4, 4.4, and 10.6, respectively. Meat and bone meal sample 6 had the lowest (0.5%) concentration of Na, whereas MBM 2 had the highest concentration of Na (1.1%). For Ca and P, MBM samples 4 and 5 had the highest and lowest concentrations, respectively. Meat and bone meal 1 had the lowest concentration of CF, whereas MBM 3 had the highest CF concentration ( Table 2 ). The CP contents of the SBM 1, 2, and 3 were 47, 48, and 45%, respectively. Analyzed AA concentrations of the experimental diets are reported in Table 3 . The analyzed CP contents of the diets are close to the formulated values (20%). The DM values of the diet containing MBM 7 was lower (93%) than that of the other MBM samples (~97%). Ileal EAA values between the 21-d-old broilers and 30-or 50-wk-old laying hens were not different. Glutamic and aspartic acids had the highest EAA losses, whereas Met and His were the AA with the lowest EAA losses (Table 4) . Source of MBM affected (P < 0.05) weight gain, feed intake, and feed efficiency of broiler chickens (Table 5) . Birds fed diets containing MBM 3 and 7 had the highest (P < 0.05) 5-d weight gain (average of 168 g), with birds on diet containing MBM 6 having the lowest (P < 0.05) 5-d gain (104 g/bird). Birds on MBM 7 had the highest (P < 0.05) weight gain and feed efficiency. Broilers on MBM 6 had the lowest (P < 0.05) feed efficiency. Feed efficiency for broilers on the remaining 5 MBM samples (MBM 1, 2, 3, 4, and 5) were not different. The 3 SBM diets did not result in any significant effect in broiler performance (gain, feed intake, and feed efficiency; Table 5). Standardized ileal AA digestibility values for the 7 MBM samples are reported in Table 6 . Laying hens (30-wk-old) fed diets containing MBM 1 and 6 had higher (P < 0.05) DM digestibility values compared with 21-d-old broilers. Broilers' SIAAD values were higher (P < 0.05) for MBM 3, 4, 5, and 7 relative to that of laying hens. With the exception of Cys, no differences in SIAAD values for SBM 2 were observed. Broilers on SBM 1 and 3, however, had higher (P < 0.05) SIAAD values for Met, Thr, Val, Ala, Cys, Gly, and Ser (Table 7) . Dry matter digestibility values for the 3 SBM samples were higher (P < 0.05) in broilers (Table 7) .
DISCUSSION
The importance of adequately determining SIAAD values of different feed ingredients in poultry nutrition cannot be overemphasized, especially in the light of increased demand for corn and SBM. To be able to effectively use SBM, MBM, and other by-or co-products in poultry diets, the need exists for enough data from which reasonable decisions about diet formulation can be based. Additionally, evaluation of SIAAD values of these feed ingredients in both broiler chickens and laying hens would shed more light on differences, if any, in how these strains of poultry are able to use MBM and SBM from different sources. The 7 MBM samples used in this study were highly variable in Na, Ca, P, and CF concentration; however, these values fall within what was reported for 12, 14, and 21 MBM from different sources by Adedokun and Adeola (2005b) , Parsons et al. (1997) , and Olukosi and Adeola (2009), respectively. The only MBM from pork (MBM 6) had the lowest Na content (0.5%).
The performance of birds fed diets containing different MBM samples was different, whereas those fed diets containing SBM were not. Five day average weight gain was highest for birds fed diets containing MBM 3 and 7, with an average gain of 168 g/bird. The smallest gain (104 g) was recorded for birds on the diet containing pork MBM (MBM 6). This gain (168 g) is lower than the 317 g that was reported (Kim and Corzo, 2012) for the average of 2 male stains (average of strains A and B) fed a semipurified diet containing an animal byproduct. Differences in performance of birds fed MBM from different sources have been reported by Parsons et al. (1997) when they fed 14 different types of MBM to broiler chicks for 9 d. In addition to strain effects, other reasons that may have affected BW gain in birds fed the MBM diets might include MBM mineral and CP contents and the inclusion of dextrose in the experimental diets used in the study of Kim and Corzo (2012) . Although intake was lower (312 vs. 371 g) in their study (Kim and Corzo, 2012) , the dextrose might have been better used than corn starch. Kong and Ade- 1 Laying hens were 30 wk of age and were used for ileal endogenous amino acid losses measure for standardization of the 7 meat and bone meal samples' apparent ileal digestibility values.
2 Laying hens were 50 wk of age and were used for ileal endogenous amino acid losses measure for standardization of soybean meal samples' apparent ileal digestibility values.
3 Ileal endogenous amino acid flow within amino acid between broilers and laying hens were not different (P > 0.05).
4 CP = nitrogen × 6.25. 5 N = number of replicates consisting of 8 (broilers) or 6 (laying hens) per replicate. Number of replicates for the 30-wk-old laying hens was 5 because of lack of enough samples from the sixth replicate cage. 
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STANDARDIZED AMINO ACID DIGESTIBILITY ola (2013) reported that apparent ileal DM digestibility of different NFD increased with increasing proportion of dextrose in the diet. This, according to Kong and Adeola (2013) , could be attributed in part to the difference in the chemical structure of corn (polysaccharide) and dextrose (simple monosaccharide). In the present study, average (5 d) weight gained was not different between the 3 SBM samples in 21-d-old broilers with a mean of 261 g. The average BW gain in this study (~263 g) was lower than the 398 g (66% of 398 g) reported (Kim and Corzo, 2012) for the average of 2 male stains. Ileal EAA losses in 21-d-old broilers and 30-and 50-wk-old laying hens were not different in this study. Although no significant difference was observed, it is important to note that for all the AA, ileal EAA losses in 50-wk-old laying hens were numerically higher than for 30-wk-old laying hens, whereas values for broilers were in between. In line with previous reports (Adedokun et al., 2007a; Golian et al., 2008) , Met was the AA with the least flow, whereas Glu and Asp were the AA with the largest endogenous flow. Ileal EAA losses from broilers and laying hens in this study are higher than those reported by Adedokun et al. (2007a; 2009b) . The reason for this could be partly attributed to the likely huge difference in dietary electrolyte balance (e.g., sodium level ranged from 0.5 to 1.1%) and the ratio of corn starch and dextrose between the 2 NFD used as reported by Kong and Adeola (2013) and as explained in the review paper by Adedokun et al. (2011) .
Standardized ileal AA digestibility values for the 2 MBM with the most similar minerals and CF composition (MBM 3 and 4) was higher in broilers than in laying hens. Despite these similarities, however, the variation in SIAAD values between the 2 strains of poultry within each MBM sample was high. For example, the difference in SIAAD for CP, Lys, and Met between broilers and laying hens were 7.9, 8.1, and 6.4 percentage units for MBM 3 and 18.5, 17.9, 17.4 percentage units for MBM 4, respectively. This observation strongly suggests that the quality of the AA in MBM 4 may have been seriously compromised during processing. Parsons et al. (1997) reported significant differences between conventional and cecectomized cockerels for all the 14 MBM evaluated with the conventional cockerels having higher SIAAD values. This observation was similar to what we observed in this study, with 21-dold broiler chickens having higher SIAAD values versus laying hens in 4 of the 7 MBM samples evaluated. Additionally, in the study by Kim et al. (2011) , SIAAD of 2 MBM samples in precision-fed cecectomized roosters and broilers were different, with 1 each of the 2 strains of chicken having higher values for 1 MBM. In addition to method, strain effects might have contributed to the differences Kim et al. (2011) observed. Unlike MBM samples, SIAAD values for SBM were higher, with little difference in digestibility between laying hens and broilers. Broilers had higher SIAAD values for SBM 1 and 3 for Met, Ala, Cys, Gly, Ser, whereas the same was the case for Cys in SBM 2. Values reported for SBM (broilers) in this study is similar to what was reported by Szczurek (2009) , with mean digestibility values for essential AA being slightly higher (90.1 vs. 87.3%). These results emphasize the need for informed use of MBM as an alternative feed ingredient as a result of inconsistencies in the quality of the products. It is important to state that the original hypothesis that AA digestibility would be higher in laying hens compared with the broiler chicks turns out to be the opposite for 4 of the 7 MBM samples. In addition to the fact that each MBM sample is unique in its own right as a result of sources of the raw materials for the MBM and processing techniques used in its production, 21-d-old broiler chickens were more efficient in AA digestion and absorption from MBM. The SIAAD of both the laying hens and broilers on the pork MBM sample (MBM 6) were low relative to the other 6 MBM samples. This again was confirmed by the low 5-d mean BW gain and low feed efficiency. This observation is interesting because all the diets were formulated to contain 20% CP and the Na, Ca, P, and CF contents of this sample were within the range of the other MBM samples. Intake of birds on this MBM sample was not different from that of birds fed diets containing MBM 2 and 5. The only plausible reasons for this may be a result of poor AA quality of the processing conditions or of the quality of the fat in the MBM sample. Generally, values from the 7 MBM samples are similar to what was earlier reported for 4 MBM samples from different source fed to 21-d-old broiler chickens (Adedokun et. al., 2007b) . Furthermore, values reported for conventional and cecectomized roosters by Parsons et al. (1997) were higher than those obtained in the current study.
Although not measured in this study, the mean retention time or the digesta passage rate is another factor that may have influenced the results obtained from the MBM samples used in this study. It is possible that the interaction between the different MBM components could have resulted in varying digesta speed across the gastrointestinal tract. The mean retention time of a particular feed could affect how much of the nutrients in a feed are digested and absorbed. McNab (1994) reported that the physical characteristics and the chemical components of the diet (as a result of the ingredients composition of the diet) may affect the degree of nutrient utilization and this may, to some extent, depend on the digesta passage rate (Mateos and Sell, 1980; Rochell et al., 2012; Kong and Adeola, 2013) .
In summary, SIAAD values from MBM are quite variable, and the capacity of 21-d-old broilers and 30-wk-old laying hens for AA digestion and absorption from MBM from different sources are quite variable, with broilers showing greater capacity for AA digestibility. This shows that a need exists to procure MBM from a consistent and reliable source so as to minimize variability in AA digestibility and, hence, birds' performance. Data generated from this study could be used in formulating broiler and laying hens' diets on a digestible AA acid basis. Formulation on a digestible AA basis may reduce cost, reduce N and AA excretion, and increase flock uniformity and returns on investment; but it is important to realize that data from a broiler database for ingredient digestibility may not always be applicable to that of laying hens. Finally, as the role of difference in Ca and P requirements for 21-d-old broilers and adult laying hens were not factored into the design of this study, it may be necessary to further investigate the short time effect of dietary Ca and P on ileal AA digestibility of MBM from different sources.
